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ABSTRACT

Background: Standardized testing of hip muscle strength and fatigue in the sagittal plane is important for
assessing, treating and preventing a number of trunk and lower extremity pathologies. Furthermore, indi-
viduals displaying asymmetries of muscle strength between limbs are more likely to sustain an injury.

Purpose: To evaluate the test-retest reliability of isometric strength and isokinetic fatigue measurements of
the hip flexor and hip extensor muscles, and to examine whether there is a significant limb dominance
effect on strength, fatigue and flexor-extensor ratios.

Study design: Cross-sectional study.

Methods: To evaluate reliability, 30 healthy individuals (33.2 + /- 13.1 years) were included. On a separate
occasion, 24 healthy individuals (29.0 + /- 10.3 years) participated to assess between-limb differences. Reli-
ability was established using intraclass correlation coefficients (ICCs), standard error of measurements
(SEM) and minimal detectable change (MDC). Isometric strength (best peak torque of three maximal con-
tractions; Nm/kg), isokinetic fatigue (total work of 20 consecutive maximal concentric flexor-extensor
contractions at 120°/s; Joule/kg), and flexor-extensor ratios, were recorded using a Biodex dynamometer.

Results: Reliability was good-to-excellent (ICCs>0.83) and measurement errors were acceptable
(SEM<13.6% and MDC% < 37.8%). No significant between-limb differences in strength, fatigue and flexor-
extensor ratios were detected.

Conclusions: Isometric strength and isokinetic fatigue of the hip flexor and hip extensor muscles can be
reliably assessed in healthy individuals using the Biodex dynamometer. Limb dominance did not signifi-
cantly affect strength, fatigue or flexor-extensor ratios.

Level of Evidence: 2b
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INTRODUCTION

Reduced hip flexor (HF) and hip extensor (HE)
muscle strength, as well as fatigue, have been identi-
fied as important components in a number of trunk
and lower extremity pathologies. Weakness of the
HE muscles has been found in patients with low
back pain, patellofemoral pain and Achilles tendi-
nopathy.'” Decreased HF strength has been shown
in patients with symptomatic femoroacetabular
impingement and anterior cruciate ligament recon-
struction.®® Furthermore, strength deficits in both
HF and HE were reported in patients with hip osteo-
arthritis (OA)."*" Reduced HF and HE strength, as
well as endurance, were found in patients who had
undergone knee surgery.'? Thus, to evaluate the
changes in strength and fatigability of the HF and
HE muscles following resistance training, reliable
measurement techniques are needed.

Isokinetic dynamometry is widely used in both
clinical and research settings. The usefulness of an
isokinetic dynamometer, however, depends upon
the reproducibility of the measurements taken. In
the literature, most studies using isokinetic dyna-
mometry have focused on the knee flexors and
extensors, and less attention has been directed to
the hip joint.'*'* In a systematic review, isokinetic
concentric and eccentric HF and HE strength mea-
surements, using a wide range of angular velocities,
showed moderate to excellent reliability.!* However,
only a few studies have examined the test-retest reli-
ability of isometric HF and HE strength measure-
ments using an isokinetic dynamometer. Isometric
testing has the advantage of producing less stress
on the musculoskeletal system and can be used to
monitor rehabilitation when pathologies are pres-
ent. In a study to assess muscle strength in patients
with hip OA and healthy controls, Arokoski et al.
reported moderate to high ICC values of isometric
HF and HE strength measurements and moderate
to good measurement errors (CV% ranged between
7.5% and 14.1%)."° Steinhilber et al. reported simi-
lar measurement errors when testing isometric HF
and HE strength in hip OA patients and healthy
controls.'” Meyer et al. investigated the test-retest
reliability of hip strength measurements in healthy
individuals.'”®* They used an innovative test setup
with a leg brace worn on the tested leg to optimize
pelvis and trunk stability. Reliability measures of

isometric HF and HE strength measurements were
excellent, but systematic bias was found for isomet-
ric HF strength measurements. Divergent results
between studies emphasize the need for standard-
ized assessment protocols of isometric HF and HE
strength measurements.

Muscle fatigue is a complex phenomenon resulting
from a combination of impairments throughout the
neuromuscular system. It can be defined as “exercise-
induced decrease in the ability to produce force”.!
Neuromuscular fatigue can be evaluated using a
variety of test protocols and assessment methods,
for example stimulation of the nerve or muscle to
whole-body exercises. Measurements of muscle
fatigue using an isokinetic dynamometer refer to the
capacity of a muscle to produce force over a series
of consecutive isokinetic contractions.'** The vari-
ables most commonly used to examine isokinetic
fatigue include total work as well as losses of peak
torque and work.#* In the lower limb, isokinetic
fatigue testing has focused on the knee flexors and
extensors as well as the ankle plantarflexors and dor-
siflexors.”**?” However, only one study has examined
the reliability of HF or HE fatigue measurements
using an isokinetic dynamometer.?® In that study,
reliability of HF fatigue measurements, evaluated
as total work of 20 continuous eccentric/concentric
contractions at an angular velocity of 150°/s, was
found to be poor (ICC<0.10). The authors specu-
late that the poor reliability may be due to difficulty
with maintaining a consistent effort at the chosen
angular velocity.

The use of unilateral measures (compared between
sides) enables clinicians and sport coaches to
assess whether a side-to-side strength asymmetry
exists. It has been suggested that a 15% or greater
disparity between limbs is considered a substantial
asymmetry in athletes and could increase the risk
of injury.?® Also, lower extremity strength deficit of
less than 10% on the affected side compared with
the uninjured side is considered a reference value
before returning to sport after an injury.*® Studies
evaluating the effects of limb dominance on HF
and HE strength, using an isokinetic dynamometer,
have reported contradictory results. No significant
side-to-side difference was shown in healthy adults
and ice hockey players.*?* However, a significant
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limb dominance effect on HF strength was detected
in baseball pitchers, indicating a sport-related
asymmetry.* Furthermore, isometric HE strength
was 15.8% higher on the right side than on the left
side in a healthy control group of men aged 47-64
years.'®

In addition, imbalance in the agonist/antagonist
muscular strength ratio may increase the likelihood
of injury.*® Values of hip flexor-extensor strength
ratios reported in previous studies showed that HF
produce 55% to 76% of the torque values gener-
ated by HE.2034%:3 Numerous factors are presumed
to influence the ratio, for example age, sex, limb
dominance, physical activity level and velocity of
movement.*

The aims of this study were to evaluate the test-
retest reliability of isometric strength and isokinetic
fatigue measurements of the HF and HE muscles
and to examine whether there is a significant limb
dominance effect on strength, fatigue and flexor-
extensor ratios.

METHODS

Participants

To examine the test-retest reliability, a total of 30
participants (15 men and 15 women) volunteered
to participate in the study (test-retest group, TRG),
Table 1. On a separate occasion, 24 participants
(12 men and 12 women) were recruited to assess
between-limb differences of HF and HE strength
and fatigue (between-limb group, BLG), Table 1.

All participants in TRG and BLG were in good health
and participated regularly in recreational sports.
A Dbaseline questionnaire, the modified six-graded
Saltin-Grimby Physical Activity Level Scale, was
completed to ascertain the physical activity habits
of the participants.* Activity levels of each groups
are shown in Table 1. Exclusion criteria for participa-
tion were neuromuscular dysfunction in the back or
lower extremities within the past year. Limb domi-
nance was determined by asking the participants
“If you would shoot a ball on a target, which leg
would you use to shoot the ball?”.* All participants
preferred the right leg.

Written informed consent was obtained from each
individual. Additionally, participants under the
age of 18 had informed consent from their legal
guardians before participation. The study was
approved by the Advisory Committee for Research
Ethics in Health Education, Lund University and
the principles of the Declaration of Helsinki were
followed.

Sample size calculations

To assess the test-retest reliability, a total of 30 par-
ticipants were included.** The sample size used to
examine differences between the dominant and the
non-dominant limb was based on the assumption that
side differences were < 10 %. Based on o = 0.05 and
B = 0.80, a minimum sample size of 23 participants
was required. Considering a potential loss of partici-
pants, 24 participants were recruited.

Table 1. Characteristics of participants in the test-retest reliability

group (TRG) n=30 and the between-limb difference group (BLG) n=24.
Means + standard deviation (range) and median (range).

Test-retest reliability Between-limb difference p-value
group (n=30) group (n=24)
Age (years) 33.2+13.1 29.0 £10.3 0.213
(15-53) (18-54)
Height (cm) 176.0 8.3 174.8 9.1 0.793
(155-193) (156-190)
Weight (kg) 71.7+12.4 709 £11.2 0.603
(53-101) (50-90)
Saltin-Grimby 4.0 4.5 0.847
Physical Activity (2-6) (2-6)
Level Scale (level
1-6)
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Test equipment

All tests were performed using the Biodex® Multi-
Joint System 4 isokinetic dynamometer (Biodex
Medical Systems Inc. Shirley, New York, USA).
Before testing each participant, the dynamometer
was calibrated according to the manual. The stan-
dard Biodex equipment with the provided Velcro
straps was used.

Setup positioning

Participants were instructed to lie in supine position
(Figure 1). The rotational axis of the dynamometer
was aligned with the greater trochanter of the femur,
and the dynamometer pad was fixed at the lower
end of the thigh about 4 cm proximal to the lateral
femoral condyle.

The non-tested limb was placed on a stool. The body
was stabilized on the bench with a strap over the
pelvis and two straps diagonally from the shoulder
to the opposite hip. Participants were instructed to
cross their arms over the chest. Prior to the tests,
each participant’s limb was weighed by the isokinetic
dynamometer to allow correction for gravity.

For the isometric strength testing, the angles of
the hip and knee joints were set at 60° hip flexion
and 90° knee flexion. The end-range setting for the
fatigue tests was standardized for all participants
from 15° to 110° of hip flexion.

Figure 1. Position of a participant during testing of hip
flexors and hip extensors.

Test protocol

Throughout the study, all tests were administered
by the same two raters to ensure a high level of stan-
dardization of the test procedures. Each participant
in TRG underwent two identical test sessions sched-
uled approximately at the same time of the day,
with seven days apart. Only the dominant limb was
assessed. To assess differences between the domi-
nant and non-dominant side, the limbs of the partici-
pants in BLG were tested in a random order.

Test procedures followed the same routine in TRG
and BLG. Isometric strength tests were always
performed prior to the isokinetic/fatigue tests. A
five-minute warm-up period on a cycle ergometer
(100 W for women and 150 W for men) was per-
formed before testing. Thereafter, the participants
performed two sub-maximal isometric HF contrac-
tions. After a two-minute rest, three maximal iso-
metric HF contractions were executed. Participants
were instructed to hold the contraction for five sec-
onds, each contraction separated by a rest period of
12 seconds. Following a one-minute rest, the isomet-
ric HE strength was assessed in the same manner
as HF. The participants were given visual feedback
by observing the force curve displayed on the Bio-
dex computer screen, but no verbal encouragement.
After the isometric tests were conducted, partici-
pants rested for five minutes before proceeding to
the isokinetic fatigue test of the same limb.

To familiarize participants with the isokinetic fatigue
testing they were asked to perform three submaxi-
mal concentric flexion-extension contractions at
120°/s. After a two-minute rest, they executed 20
consecutive maximal concentric flexor-extensor
contractions at 120°/s. Participants were instructed
to pull and to push “as hard and as fast as possible”,
and to complete the full range of motion.** Strong
verbal encouragement was given during the last five
contractions. No visual feedback was given, and par-
ticipants were not informed as to how many repeti-
tions to perform prior to the test. For participants
in BLG, a rest period of eight minutes was allowed
before the opposite limb was tested.

Statistical analyses
Data are shown as mean + standard devia-
tion. Normality of the data was tested with the
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Shapiro-Wilk test, and the Levene's test was used
to assess homogeneity of variance between groups.
All dependent variables were normally distributed,
and the use of parametric statistics was considered
appropriate (paired and unpaired Student’s t tests). A
one-way within-subject multivariate analysis of vari-
ance, MANOVA, was used to examine the effect of
limb dominance; an independent variable with two
levels (dominant and non-dominant) was tested on
four dependent variables (HF strength, HE strength,
HF fatigue and HE fatigue). Mann-Whitney U test
was used to examine differences in physical activity
level of the participants in TRG and BLG.

The relative consistency between measurements
was examined by the ICCZJA44 A two-way analysis of
variance (ANOVA) random effect model, absolute
agreement, was used and the 95% confidence inter-
val (95% CI) for ICC, , was obtained from the ANOVA
tables. In general, reliability coefficients are sug-
gested to exceed 0.80, but the values could be higher
or lower depending on the precision needed for clin-
ical evaluation.” For the interpretation of reliability,
various ICC cut-off points have been proposed such
as: excellent (1.00-0.90), good (0.89 -0.75), moderate
(0.74-0.50) and poor (< 0.50).*

Absolute reliability describes the within-subject
variability for repeated measures and quantifies the
measurement error in the same unit as the original
measurement. The standard error of measurements
(SEM) represents the limit for the smallest change
that indicates a real change for a group of individu-
als. SEM was defined as the square root of the within
subjects mean square error term from the ANOVA 46
The SEM% was defined as: SEM% = (SEM/mean) x
100, where mean is the mean for all the observations
from test sessions 1 and 2. This value represents the
change in relative terms. The minimal detectable
change (MDC) was also calculated, representing the
minimum amount of change outside of the mea-
surement error that reflects a real improvement, or
a deterioration, for a single individual.*** The MDC
for the 95% CI was calculated as: MDC = 1.96 x SEM
x V 2. The value 1.96 is the z score associated with
the 95% CI and v 2 is used to account for the variance
of two test sessions. The MDC was also expressed as
a percentage value, MDC%, which is independent of
the units of measurement (in analogy with SEM%).

The MDC% was defined by: MDC% = (MDC/mean)
x 100, where mean is the mean for all observations
from test sessions 1 and 2. Systematic error between
test sessions was assessed by evaluating the F ratios
from the repeated-measures ANOVA.

The difference between isometric HF and HE
strength in the dominant limb vs non-dominant
limb was calculated as: (dominant limb - nondomi-
nant limb)/non-dominant limb, and expressed as
a percentage. The same procedure was used for
isokinetic HF and HE fatigue.

Peak torque (PT) was used to evaluate maximal
isometric strength. The highest PT value of three
maximal contractions was used for calculations. Iso-
metric strength measures were normalized to body-
weight and reported as Newton-meters per kg (Nm/
kg). Total work was used to evaluate fatigue for the
entire set, and normalized fatigue measures were
expressed as Joules per kg (J/kg)."*

All statistical measures were performed using
IBM SPSS Statistics version 25.0 (IBM Corporation,
Armonk, New York, USA). Probability values < 0.05
were considered statistically significant.

RESULTS

Table 1 shows the characteristics of the participants
in TRG (n=230) and BLG (n=24). There were no sig-
nificant differences in age, height, weight or physi-
cal activity level between the two groups.

In Table 2, the test-retest reliability study results are
reported. There was no systematic error between
test session 1 and 2 (p>0.05). The ICC values for all
measurements were good to excellent, and ranged
between 0.83 and 0.96. The 95% CIs for ICC were
acceptable for all measurements, but wider for iso-
kinetic HE fatigue measurements (0.67-0.92). SEM
ranged from 0.08 to 0.37 Nm/kg for the isometric
strength measurements, and 1.76 to 7.22 J/kg for the
isokinetic fatigue measurements. SEM% were lower
for HF strength and fatigue (4.5 % and 6.2 %) than
HE strength and fatigue (11.0 % and 13.6%). The
MDC% values ranged from 12.5 to 30.5% for HF and
HE strength, and 17.1 to 37.8% for HF and HE fatigue.

In Table 3, isometric strength and isokinetic
fatigue of HF and HE muscles in the dominant and
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Table 2. Tuble 2. Normalized isometric strength (Nm/kg) and normal-

ized isokinetic fatigue (J/kg) of the hip flexors and hip extensors at two

test sessions (n =30).

Hip motion Test1  Test2 P ICC SEM SEM MDC MDC
(Mean (Mean value (95% CI) % %
+ SD) + SD)

Hip flexor 1.68 1.67 0.642 0.96 0.08 4.5 0.21 12.5

strength +0.40 +0.40 (0.92-0.98)

(Nm/kg)

Hip extensor 3.28 3.35 0.481 0.90 0.37 11.0 1.01 30.5

strength +1.18 +1.14 (0.81-0.95)

(Nm/kg)

Hip flexor 28.29 28.67 0.405 0.95 1.76 6.2 4.88 17.1

fatigue +7.16 +7.73 (0.89-0.97)

(kg)

Hip extensor 51.54 54.74  0.059 0.83 722 13.6  20.0 37.8

fatigue +17.51 +18.47 (0.67-0.92)

(J/kg)

Nm= Newton meter, J=Joule, kg= kilogram, ICC,,; = intraclass correlation coefficient; CI =

confidence interval; SEM = standard error of measurement; SEM%-=relative standard error of

measurement; MDC = minimum detectable change at a 95% CI; MDC %= relative minimum

detectable change at a 95% CL.

non-dominant limbs are presented. No significant
between-limb difference was found between limbs in
HF strength (5.3%), as well as HF fatigue (5.4%). Also,
there was no significant difference between limbs in
HE strength (13.4%) and HE fatigue (12.3%). Flexor-
extensor strength ratios were not significantly differ-
ent between limbs; 56% + 11% and 55% + 14% for
the dominant and non-dominant limb, respectively.
No significant between-limb differences were found in

flexor-extensor fatigue ratios; 56% + 12% (dominant
limb) and 54% + 9% (non-dominant limb).

DISCUSSION

The results of the study show that isometric strength
and isokinetic fatigue measurements of the HF and
HE muscles could be reliably assessed in healthy
individuals. No differences between limbs for iso-
metric strength, isokinetic fatigue or flexor-extensor

Table 3. Normalized isometric strength (Nm/kg) and normalized isokinetic
fatigue (J/kg) of the hip flexors and hip extensors in the dominant and

non-dominant limb, and the corresponding bilateral differences, (n=24).

Values are expressed as mean + standard deviation (range).

Dominant Non-dominant Bilateral F ratio P value
limb limb difference
A%

Hip flexor ~ 1.69+034  1.67+0.32 53438 0.038 P=0847
strength, B B -~ B
B (123-244)  (121-244)  (-12.6—16.7)
Hip extensor  3.09+£0.78  3.22+0.89 13.4+138 0284  P=059%
strength, _ _ : _
N (165-4.65) (147-497)  (-27.4—682)
Hip flexor  28.95+5.61 28334572 54459 0.145  P=0.705
fatigue, kg 203 _40.0) (17.93-39.77)  (-8.9-25.4)
Hip extensor 5451+ 15.93  53.85 + 14.63 123+ 14.1 0.022 P =0882
fatigue, kg 2760 _822) (23.41- 81.07) (35.1- 62.4)
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ratios were found. This supports the use of'isokinetic
dynamometers when assessing the hip which makes
it possible to detect changes that indicate real
improvements.

Isokinetic dynamometry is a useful tool to assess
muscle performance. However, the overall results
can be influenced by the accuracy of the dyna-
mometer, the test procedures, the reproducibility of
the measurement parameters, and subject-related
factors.' In the current study, the ICC value of iso-
metric HF strength measurement was 0.96, indicat-
ing an excellent reliability according to Portney.*
Moderate to high ICC values (>0.71) have also been
reported in other reliability studies of isometric HF
strength measurements, using an isokinetic dyna-
mometer and the supine subject positioning.'®'® In
addition, the 95% CI for ICC in the present study
was acceptable, and no systematic bias between test
sessions was found. However, Meyer et al. reported
that measurements of isometric HF strength tended
to be larger at the second test occasion than those
from the first.'®* When systematic bias between test
sessions occur, it may be due to a significant learn-
ing effect. Therefore, great care should be taken to
let participants familiarize themselves before the
real trials.”® Although the ICC value in this study
indicated excellent reliability, it is well known that
several statistical methods and indices are required
to fully evaluate reliability. High ICC values do not
necessarily imply that a test is suitable for clinical
use. Moreover, the ICC is highly influenced by the
heterogeneity (or spread) of the sample and can
display high values that may be biased.*** Measure-
ment errors in absolute and relative terms are often
more useful for clinicians. In the current study, the
measurement error for isometric HF strength was
low (SEM% =4.5%). This value is smaller than SEM %
values reported for healthy individuals by Arokoski
et al. (CV%=14.1%), Steinhilber et al. (SEM% ~
7% from recalculated SEM values) and Meyer et al.
(SEM% =6.0%).'°'® The contradictive findings may
be due to differences of the hip joint angle used dur-
ing testing. In this study, 60° hip flexion was cho-
sen as an appropriate hip angle, whereas lower hip
angles were selected in other studies: 0° hip flexion,
20° hip flexion and 45° hip flexion.'®*® Differences in
test procedures, as well as using different isokinetic
devices, may also have contributed to the varying

results of the measurement errors. The present
study, and the study by Meyer et al. used the Biodex
equipment, while Lido® and Isomed 2000 was used
in the two other studies.!®'®* Thus, the finding in this
study indicates that isometric HF strength measure-
ment, using the Biodex dynamometer and a stan-
dardized test protocol, is considered highly reliable
and can be used to detect real changes in isometric
HF strength on a group level.

The ICC value of isometric HE strength measure-
ment in the present study demonstrated excellent
reliability (ICC=0.90), which corresponds to values
found in other studies.'®!® In addition, the 95% CI
for ICC was narrow and no systematic change in
the mean between test sessions was found. These
results indicate that isometric HE strength can be
reliably measured and used to identify improve-
ments following an intervention for a group of indi-
viduals. However, higher SEM % values for isometric
HE measurements than for HF (11.0% and 4.5%,
respectively) were detected. This phenomenon is
well known, and has been reported in several stud-
ies using the supine position during testing, espe-
cially when testing HE in the isokinetic mode.>'83?
During measurements of HE strength, the direction
of the limb downwards can result in a lift of the pel-
vis and potentially change the axis of rotation which
can cause errors. Thus, to achieve reliable results
of HE strength testing it is important to firmly sta-
bilize the entire dorsum against the bench of the
dynamometer.

To detect a real change in isometric HF and HE
strength for an individual, the MDC% values were
calculated. The results showed that the size of the
relative change (MDC%) should exceed 12.5 % and
30.5 % for HF and HE, respectively, to indicate a
real change. In the study by Meyer et al., MDC%
values were slightly higher, as well as and lower, for
HF and HE:16.8% and 23.0%, respectively.'® Muscle
strength improves as a result of resistance training
and strength gains of approximately 20% to 40% after
a short period of resistance training is not unusual
for untrained, and moderately trained, individuals.*
Thus, this study shows that MDC% values are suffi-
ciently small to detect true changes in isometric HF
and HE strength for a single individual.
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The ICC values of the isokinetic HF and HE
fatigue testing in this study were good to excellent
(ICC>0.83), and measurement errors were accept-
able (SEM% < 13.6 and MDC% < 37.8). No systematic
bias between test and retest was detected. This lack
of systematic change indicates no learning effect
and suggests that a single-session test can be used
to identify clinically relevant changes in muscle
fatigue. Thus, the findings in the present study imply
that HF and HE fatigability can be reliably assessed,
both for groups and a single individual. However,
95% ClIs for isokinetic HE fatigue measurements
were wider than for HF and measurement errors
were larger. Moreover, reliability measures of iso-
kinetic fatigue measurements were lower compared
with isometric strength measurements. A possible
explanation is that isokinetic measurements of HF,
and especially HE, are more difficult to perform than
isometric contractions, since stabilizing the pelvis
and trunk is more difficult under dynamic condi-
tions. Therefore, the test position in this study was
standardized and the pelvis and upper trunk were
firmly secured using the Velcro straps provided by
Biodex. Additional equipment or leg braces were
avoided because the intention was to create a simple
test protocol. Also, recommendations by Zapparoli
and Riberto were used to increase reliability of the
isokinetic measurements, (i.e. supine position, the
dynamometer axis aligned with the greater trochan-
ter, and the lever arm in the most distal region of the
thigh)." In a previous study, Emery et al. reported
that fatigue measurements of HF torque measure-
ments were not reliable (ICC<0.10).?® Their poor
reliability may have been due to the complexity of
the selected eccentric/concentric continuous HF
repetitions, which were unfamiliar to the partici-
pants and difficult to perform. They used a narrow
range-of-motion (ROM) during testing from 0° to
70 of hip flexion. Furthermore, many participants
were not able to maintain a consistent effort at the
selected angular velocity (150° /s). In this study, a
lower angular velocity (120° /s) and a wider range
(15° to 110° of hip flexion) were used. This ROM
may be a better representative of frequently used
movements in daily living and during sport activi-
ties. Testing through a ROM which excludes the end
points can also be more applicable in the clinic, for
example to persons with hip OA.

In the present study, differences in isometric HF and
HE strength between the dominant (right) and non-
dominant (left) sides were small: 5.3% and 13.4%
respectively. According to the SEM% values pre-
sented in this study, the between-limb differences
should exceed 4.5% and 11 %, respectively, to repre-
sent a real difference in isometric strength between
limbs. Although the differences between sides
exceeded the measurement errors, no significant
difference between the dominant and non-dominant
side was found. Also, the side-to side strength differ-
ence was less than 15%. Limb strength imbalance of
15% or more has been associated with higher injury
rates. * However, studies evaluating side differences
in isokinetic HF and HE fatigue measurements are
limited. Emery et al. used total work as the outcome
criterion, and reported a side difference of 8.0 %
between limbs (3292 Nm on the right side and 3049
Nm on the left side) for HF fatigue.?® There was no
report whether the difference between limbs was
significant. In the present study, the difference
between the dominant and non-dominant limb for
isokinetic HF and HE fatigue was 5.4% and 12.3%,
respectively, and not significant. Thus, as the reli-
ability of isokinetic fatigue measurements of HF
and HE was high, and the between-limb differences
small and non-significant, it is shown that the con-
tralateral limb can be used as a reference in the
fatigue assessment.

In the current study, hip flexor-extensor isometric
strength ratio was 56% in the dominant limb and
55% in the non-dominant limb. These results are
slightly lower than those reported by Calmels et al.
who found that the flexor-extensor torque ratios in
healthy individuals ranged between 58% to 61% in
the eccentric mode, and 68% to 75% in the concen-
tric mode.*® Alexander examined top-level sprinters
and reported hip flexor-extensor strength ratios of
66% to 75% in the eccentric mode and 61% to 76% in
the concentric mode.?” In professional and amateur
ice hockey players, hip flexor-extensor ratios ranged
between 55% to 71% in the concentric mode.* The
varying results may be due to differences in types of
contractions and differences in the sporting levels
of the populations. Similar to previous studies, this
study found no significant difference in flexor-
extensor strength ratio between limbs.?**”* Also no
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significant difference in flexor-extensor fatigue ratio
between limbs (56% in the dominant limb and 54 %
in the non-dominant limb) was found. In conclusion,
the hip flexor-extensor strength and fatigue ratios
are considered useful reference points to detect hip
muscle imbalances in the contralateral side.

The present study included an adequate sample
size to determine reliability and detect side-to-side
strength and fatigue differences. However, only
healthy individuals were included which limits the
generalizability to individuals with trunk or lower
extremity pathologies.

CONCLUSION

Isometric strength and isokinetic fatigue of the HF
and HE muscles can be reliably assessed in healthy
individuals using the Biodex dynamometer. Test-
retest agreements were good to excellent and mea-
surement errors were acceptable. The SEM% and
MDC% values were sufficiently sensitive to detect
a real change in muscle strength and fatigue over
time, or after an intervention, both for a group of
individuals or a single individual. No between-limb
differences in isometric strength, isokinetic fatigue
or flexor-extensor ratios were found which support
the use of the non-injured limb as a reference.
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